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Abstract
Background: Although several studies have reported that symptoms of nicotine dependence can occur after
limited exposure to smoking, the majority of research on nicotine dependence has focused on adult smokers.
Insufficient knowledge exists regarding the epidemiology and aetiology of nicotine dependence among adolescent
smokers. The objective of the present study is to identify the effects of theoretically driven social and individual
predictors of nicotine dependence symptom profiles in a population-based sample of adolescent smokers.
Method: A longitudinal study among 6,783 adolescents (12 to 14 years old at baseline) was conducted. In the first
and second year of secondary education, personality traits and exposure to smoking in the social environment
were assessed. Two and a half years later, adolescents’ smoking status and nicotine dependence symptom profiles
were assessed. A total of 796 adolescents were identified as smokers and included in the analyses.
Results: At follow-up, four distinct dependence symptom profiles were identified: low cravings only, high cravings
and withdrawal, high cravings and behavioural dependence, and overall highly dependent. Personality traits of
neuroticism and extraversion did not independently predict nicotine dependence profiles, whereas exposure to
smoking in the social environment posed a risk for the initial development of nicotine dependence symptoms.
However, in combination with environmental exposure to smoking, extraversion and neuroticism increased the risk
of developing more severe dependence symptom profiles.
Conclusions: Nicotine dependence profiles are predicted by interactions between personal and environmental
factors. These insights offer important directions for tailoring interventions to prevent the onset and escalation of
nicotine dependence. Opportunities for intervention programs that target individuals with a high risk of developing
more severe dependence symptom profiles are discussed.
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Background
Tobacco is a highly addictive substance. Clinical features
of dependence can emerge even during the earliest
phases of smoking initiation [1,2]. The occurrence of
nicotine dependence symptoms among adolescent smo-
kers forms an important barrier for smoking cessation
[3-5]. Therefore, greater insights into the epidemiology
and aetiology of nicotine dependence among adolescent
smokers may have important implications for smoking
prevention and cessation interventions among
adolescents.
The most commonly used self-report measures of
nicotine dependence, including the assessment proposed
by the Diagnostic and Statistical Manual of Mental Dis-
orders [6,7] and the Fagerström Tolerance Question-
naire (FTQ) [8], are not designed to measure the earlier
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any medium, provided the original work is properly cited.stages of nicotine dependence; instead, they assume that
am o r ee s t a b l i s h e ds m o k i n gp a t t e r ni sr e q u i r e dt oy i e l d
the key features of nicotine dependence. Such character-
istics make the measures less appropriate to assess
dependence symptoms among adolescents as nicotine
dependence symptoms may already be present among
early smokers, but may not have reached a diagnosable
level. Moreover, these measures generate a classification
of low to high levels of dependence, implying that nico-
tine dependence varies only in severity and not necessa-
rily in nature.
However, a recent study involving an adolescent
smoking sample found that, when using a measure spe-
cifically developed to assess multiple features of nicotine
dependence among adolescent smokers, distinct nicotine
dependence symptom profiles could be distinguished
[9]. By measuring symptoms indicative of behavioural
dependence (when, where, and how much one smokes),
craving, and withdrawal, it was shown that different pat-
terns of symptoms were associated with increasing dif-
ferences in severity of dependence. Results of this study
defined four distinct, yet stable, nicotine dependence
subtypes that could be characterized by quantitative as
well as qualitative differences. For example, the presence
of behavioural dependence appears to indicate more
severe dependency than the presence of withdrawal
symptoms alone [9]. In addition, a regular and more
established smoking pattern did not seem to be a prere-
quisite for the occurrence of withdrawal symptoms; a
substantial group of adolescents, despite displaying a
considerable behavioural dependence and a high level of
craving, did not seem to experience withdrawal symp-
toms. The symptom profiles were similar for both males
and females, but differentially associated with previously
identified correlates of nicotine dependence. Differential
links of the four subtypes were found with regard to
smoking uptake and cessation.
The identification of profiles in reference to nicotine
dependence symptoms among adolescent smokers may
p r o v i d es o m ea d v a n t a g e so v e rt h eu s eo fc o u n t i n g
symptoms to measure severity without taking the type
of symptoms into account. First, the identification of dif-
ferent symptom profiles may enable a better under-
standing of the possible underlying genetic and
psychosocial factors of nicotine dependence [10]. Twin
studies suggest that genetically based differences in reac-
tion to nicotine moderates the likelihood of taking up
smoking [11,12]. Not everybody exposed to nicotine
becomes dependent. Similarly, some are stimulated by
nicotine, whereas others are calmed or even depressed
by it [13]. Such differences in nicotine effects may be
reflected in distinct symptom profiles. Second, classifica-
tion of symptom profiles may enable the tailoring of
intervention efforts to specifically target those symptoms
most common among the different subtypes of adoles-
cent smokers [14]. To increase insights into the aetiol-
ogy of nicotine dependence, as well as design optimal
ways of targeting nicotine dependence among adolescent
smokers, it is essential to determine early predictors of
nicotine dependence symptom profiles [9].
According to the Diathesis Stress model [15], the
occurrence of problem behaviours or disorders is the
result of the interaction between a vulnerable hereditary
predisposition and precipitating events in the environ-
ment. Assuming that differences exist in the genetic
basis of symptom profiles, different personality dimen-
sions may predict nicotine dependence profiles. Person-
ality has a strong genetic basis [16-18], and personality
traits are reported to be associated with the initiation
and maintenance of smoking in both adolescents and
adults [19-21]. More specifically, several studies have
found that smokers tend to be more neurotic and more
extraverted than non-smokers. One possible explanation
for this is that individuals scoring high on extraversion
may smoke because they seek stimulation while those
scoring high on neuroticism may smoke to reduce ten-
sion and anxiety [22-24]. With respect to adult smokers,
researchers have suggested that, apart from smoking
initiation and maintenance, personality traits such as
neuroticism and extraversion may also be important in
the development of dependence [25,26]. Thus, the first
goal of the current study is to examine the effect of
extraversion and neuroticism on the development of
nicotine dependence symptom profiles in adolescent
smokers.
As posited by Social Cognitive Theory [27], social
environmental factors may also be important. With
regard to smoking behaviour in adolescents, exposure to
smoking by significant others is related to the develop-
ment of nicotine dependence symptoms. Children had a
higher risk of becoming nicotine dependent from ado-
lescence to early adulthood when their mother had ever
smoked, been a daily smoker, or was dependent on
nicotine [28,29]. Having smoking peers was also asso-
ciated with higher levels of nicotine dependence in ado-
lescents [28,30,31]. Meanwhile, the Diathesis Stress
Model indicates that the smoking of parents and peers
may also exacerbate or precipitate the links between
personal dispositions and nicotine dependence according
to a person-environment interactional perspective.
Hence, the second goal of the proposed study is to
examine the additive and interactive effect of having a
smoking mother or having smoking friends in addition
to the personality traits of extraversion and neuroticism.
To pursue these study goals, the current study exam-
ines individual and environmental factors as possible
predictors of nicotine dependence symptom profiles
among adolescent smokers. A clearer understanding of
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and contribution to developing effective tailored inter-
vention methods for targeting smoking among
adolescents.
Methods
Participants
The data of the present study pertain to a population-
based cohort study initiated in January 2003 as part of
t h eI n t e r n a t i o n a lS t u d yo fA s t h m aa n dA l l e r g i e si n
Childhood (ISAAC) phase III. Schools in four regions of
the Netherlands were randomly selected from the tele-
phone book and approached about participating. The
main reason given by those schools declining to partici-
pate in this study was participation in other studies. The
present study pertains to two measurement waves,
including a total of 25 schools. Data for the first wave
(T1) were collected from January 2003 to May 2003, in
the first and second year of secondary education. The
completion rate was 89.7% among the total sample,
resulting in 6,783 respondents who were 12 to 14 years
old (M = 12.88, SD = 0.76). The second measurement
wave (T2) described in this study took place approxi-
mately 2.5 years later in November 2005. A total of
4,270 respondents of the original 6,783 respondents par-
ticipated in this wave (response rate, 63%). Sickness, tru-
a n c y ,r e l o c a t i o nt oa n o t h e rs c h o o l ,t h er e p e a t i n go fa
class, and graduation from school (the latter accounting
for 52% of the total loss to follow-up) were noted by
teachers as the primary causes for non-response. With
regard to the last cause of attrition, it should be noted
that at the time of T2, respondents who were in their
fourth year of preparatory vocational training and junior
general secondary training, or their fifth year of senior
general secondary education, had already graduated.
When possible, these respondents were contacted at
home and asked to fill out the questionnaire. The medi-
cal ethical committee (CMO Arnhem-Nijmegen)
approved this study.
At T1, a total of 219 of the 4,270 respondents (5.2%)
indicated smoking at least once a month. At T2, a total
of 796 (18.6%) indicated that they had smoked at least
once in the past month. Of the 219 smokers at T1, 169
were also classified as smokers at T2 (77.2%). Because
the different aspects of nicotine dependence were only
assessed for respondents who indicated that they had
smoked during the previous month (non-smokers were
instructed to skip this section), the 796 respondents
who indicated that they had smoked at T2 were
included in the main analyses. Of the 796 smoking
respondents included in the present study, just over half
(56.8%) were female. In addition, among all 796 smoking
respondents, 33.4% received preparatory vocational
training, 21.3% junior general secondary training, 28.6%
senior general secondary education, 15.7% university
preparatory training, and 0.9% some other form of
education.
Procedure
Respondents completed written, self-administered ques-
tionnaires in the presence of their teacher during school
hours. Students were informed that the data would be
processed anonymously as respondent-specific codes
would be used to link the data from one point in time
to the next. To ensure confidentiality, each student
received an unmarked envelope in which to return the
completed questionnaires. In addition, respondents were
informed that participation was voluntary.
Attrition Analyses
Of the 6,783 respondents at T1, 4,270 were included
again at T2. The respondents lost at follow-up were
compared with the remaining respondents in regards to
gender, age, education, and smoking status using multi-
variable logistic regression analyses. Logistic regression
analysis with loss to follow-up (No/Yes) as a dependent
variable demonstrated that respondents lost at follow-up
w e r es i g n i f i c a n t l ym o r el i k e l yt ob eb o y s ,h a v eg e n e r a l
secondary training, and be smokers (Nagelkerke R
2 =
0.06).
Measures
Personality dimensions of extraversion and neuroticism
The personality dimensions of extraversion and neuroti-
cism assessed at T1 were each measured using six
items. The items assessing extraversion and neuroticism
were part of the Quick Big Five, a well-validated instru-
ment that aims to assess the factors of the Five Factor
Model of personality [32]. Respondents were asked to
i n d i c a t eo na7 - p o i n ts c a l et ow h a td e g r e et h e yp o s -
sessed certain traits distinctive of either extraversion or
neuroticism. Extraversion was measured by items such
as being quiet, shy, or withdrawn (Cronbach’sa l p h a=
0.68). The items were re-coded so that a higher score
on this scale represented a higher level of extraversion.
Neuroticism was measured by items such as being fear-
ful, nervous, or sensitive (Cronbach’s alpha = 0.71).
Smoking mother
The smoking status of the respondent’sm o t h e ra tT 1
was assessed using a yes/no question: “Does your
mother smoke?”. Adolescents’ proxy reports on parental
smoking were found to be reliable indicators of parents’
lifetime and current smoking status [33].
a
Smoking friends
Smoking of friends at T1 was assessed by asking adoles-
cents to estimate the proportion of smoking friends on
a 5-point scale, ranging from 1 (’none of my friends
smoke’)t o5( ’all of my friends smoke’) [34]. At T1,
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friends.
Nicotine dependence
The different aspects of nicotine dependence were
assessed at T2 for smokers only, using a newly devel-
oped multidimensional scale based on both the modified
Fagerström Tolerance Questionnaire (mFTQ) and the
Hooked on Nicotine Checklist (HONC) [35,36]. The 11-
item scale was validated in a previous study [37]. The
HONC was specifically developed for use among adoles-
cent smokers whose dependence is still developing [38].
The mFTQ focuses on measuring behavioural aspects
and strength of physical dependence; it was not
designed to measure the earlier stages of nicotine
dependence [39,40]. The combination of the mFTQ and
the HONC included items thought to be indicative of
early symptoms as well as items presumably indicative
of symptoms that occur when dependence is more man-
ifest; taken together, these items enable the measure-
m e n to faw i d e rr a n g eo fn i c o t i n ed e p e n d e n c e .
Cronbach’s alpha for this scale was .89 in the current
study.
Nicotine dependence profiles
A previous study by Kleinjan and colleagues [9] demon-
strated that, based on the combined items, four distinct
profiles of nicotine dependence could be identified
among the adolescent smokingp o p u l a t i o n .O n ep r o f i l e
was composed of adolescents who displayed low crav-
ings only. The second profile was composed of adoles-
cents who displayed high cravings and withdrawal. The
t h i r dp r o f i l ew a sc o m p o s e do f adolescents displaying
high cravings and behavioural dependence. The fourth
profile displayed high scores on cravings, behavioural
dependence, and withdrawal. One year later, when nico-
tine dependence symptoms were assessed again, the
coefficients of the loadings on the latent variables were
consistent over time. Furthermore, latent transition ana-
lyses showed that very few adolescents transferred from
either the high cravings and behavioural dependence
profile and the overall high dependence profile to the
other two (i.e., low cravings only or high craving and
withdrawal). Adolescents had a relatively high chance of
transferring from the high cravings and withdrawal pro-
file to the high cravings and behavioural dependence
profile or the overall high dependence profile. As for the
low cravings only category, a large proportion trans-
ferred to the high cravings and withdrawal profile.
Furthermore, results showed that adolescent smokers in
the low cravings only category had the highest likeli-
hood of being a non-smoker at the follow-up measure,
followed by the high cravings and withdrawal category,
high cravings and behavioural dependence category, and
the overall high dependence category. These results
indicate that the four qualitatively distinct profiles
quantitatively differ with regard to severity of depen-
dence, with the low cravings only profile being the least
severe dependence profile, followed by the high cravings
and withdrawal profile, the high cravings and beha-
vioural dependence profile, and the overall high depen-
dence profile, respectively [9]. Descriptions of the 11
nicotine dependence items are included in Table 1.
Statistical Analyses
The analyses proceeded in two steps. The first step was
based on the previous study by Kleinjan and colleagues
[9], in which latent class analysis (LCA) was applied to
examine whether empirically derived classes of nicotine
dependence could be identified within a population
sample of adolescent smokers. The present study sought
to replicate these results within a larger and older sam-
ple of adolescent smokers from the same cohort using
the software package MPLUS 4.1 [41]. Table 1 provides
a detailed description of the items used at T2 to gener-
ate the latent classes. All items with answer categories
not scaled to range from 1 to 4 were rescaled to range
between 1 and 4 for the analyses, thereby ensuring that
each item contributes an equal amount of weight to the
scale. For a detailed description of the LCA procedure,
we refer to Kleinjan and colleagues [9].
Second, chunk-wise multinomial logistic regression
analyses using SPSS were performed to predict adoles-
cents’ membership in one of the nicotine dependence
classes at T2. The alternative to multinomial logistic
regression, ordinal logistic regression, is not ideal given
that qualitative differences between classes are expected,
and contrary to ordinal logistic regression, multinomial
regression allows the odds for class comparisons to vary.
To account for uncertainty of membership in the sub-
classes, we used the posterior probabilities of being
members in the respective subclass as weights in the
multinomial regression analyses [42,43]. In the first step,
sex, education level, age of smoking initiation, smoking
frequency, and smoking quantity as measured at T1
were included as control variables. All these variables
were found to be associated with nicotine dependence
in previous studies [28,44-46]. In the second step, we
included the personality dimensions of extraversion and
neuroticism as predictors. In the third step, the smoking
of mother and smoking of friends were added as predic-
tors. Finally, in the fourth step, the interaction terms of
the personality dimensions with smoking of mother and
friends were added.
For each step, comparisons were made regarding the
covariates’ scores in the one category as compared to all
other categories. However, when depicting the results,
we will use the low cravings only category as the com-
parison group for the high cravings and withdrawal
category, the high cravings and withdrawal category as
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Measurement Response categories T1 T2
Smoking frequency 1. Daily 1. 9.4% 1. 58.4%
2. Weekly 2. 3.7% 2. 13.6%
3. Monthly 3. 2.0% 3. 9.1%
4. Less than once a month 4. 1.8% 4. 3.4%
5. Only experimented 5. 6.5% 5. 15.4%
6. Never, not even one puff 6. 76.5% n.a.
Smoking quantity per week M = 3.63 M = 37.15
SD = 15.10 SD = 45.76
Length of time smoking (years) M = 3.52
SD = 2.37
With whom do you live? 1. Both parents 1. 84.5%
2. Mother 2. 10.6%
3. Father 3. 1.6%
4. Other 4. 3.2%
Extraversion 1 ‘not at all’ to 7. ‘very much’ M = 4.85
SD = .92
Neuroticism 1 ‘not at all’ to 7. ‘very much’ M = 3.72
SD = .98
Maternal smoking 1. Smoking mother 1. 40.5%
2. No smoking mother 2. 59.5%
Paternal smoking 1. Smoking father 1. 42.7%
2. No smoking father 2. 57.3%
Number of friends smoking 1. None 1. 45.4%
2. Less than half
3. Half
2. 35.1%
3. 7.8%
4. More than half 4. 9.8%
5. All 5. 1.5%
Behavioural aspects of nicotine dependence
B1: How soon after you wake up do you smoke your first cigarette 1. After 60 minutes 1. 61.1%
2. Within 31-60 minutes 2. 15.8%
3. Within 6-30 minutes 3. 15.7%
4. Within 5 minutes 4. 7.4%
B2: How many cigarettes do you smoke in a day? 1. Fewer than 1 a day 1. 35.3%
2. About 1-5 a day 2. 21.5%
3. About 6-10 a day 3. 22.2%
4. About 11-20 a day 4. 17.3%
5. About 21-30 a day 5. 2.3%
6. More than 30 a day 6. 1.4%
B3: Which cigarette would you hate to give up? 1. Any other cigarette 1. 74.0%
2. First in the morning 2. 26.0%
B4. Do you smoke if you are so ill that you are in bed most of the day? 1. No 1. 84.4%
2. Yes 2. 15.6%
Craving
C1: Have you ever felt like you were addicted to tobacco?
1. Never 1. 33.5%
2. Seldom 2. 17.1%
3. Sometimes 3. 30.8%
4. Often 4. 18.5%
C2: Do you ever have strong cravings to smoke? 1. Never 1. 9.4%
2. Seldom 2. 19.5%
3. Sometimes 3. 45.6%
4. Often 4. 25.4%
C3: Have you ever felt like you really needed a cigarette? 1. Never 1. 24.5%
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dependence category, and the high cravings and beha-
vioural dependence category as the comparison for over-
all high dependence category. We thus do not depict all
comparisons that were made within the multinomial
regression analyses. We chose to depict this limited
number of statistical comparisons for reasons of inter-
pretability and because the empirical patterns of results
in our previous study [9] as well as in the present study
support the idea that the low cravings only profile (class
1) is the least severe dependence profile, followed by the
high cravings and withdrawal profile (class 2), the high
cravings and behavioural dependence profile (class 3),
and the overall high dependence profile (class 4),
respectively.
To avoid chance capitalization because of the multiple
comparisons, Bonferroni correction was applied; the
alpha was considered significant when it fell below 0.02.
In addition, one might assume that respondents
attending the same school are likely to produce com-
mon sources of variance, which could violate the accu-
racy of the effects. To obtain an indication of this
design effect we conducted binary logistic regressions
comparing two classes (class 1 vs class 2, class 2 vs.
Table 1 Descriptions and characteristics of dependent and independent variables (Continued)
2. Seldom 2. 20.0%
3. Sometimes 3. 37.5%
4. Often 4. 17.6%
C/W4: Do you smoke because it is really hard to quit? 1. No, not at all 1. 60.7%
2. A little 2. 20.6%
3. Quite 3. 14.5%
4. Yes, very 4. 3.7%
Withdrawal
W1: Trouble concentrating 1. Never 1. 62.9%
2. Seldom 2. 17.8%
3. Sometimes 3. 13.3%
4. Often 4. 5.0%
W2: Feeling irritable or angry 1. Never 1. 58.8%
2. Seldom 2. 16.3%
3. Sometimes 3. 17.8%
4. Often 4. 6.2%
W3: Feeling nervous, restless or anxious 1. Never 1. 69.6%
2. Seldom 2. 17.6%
3. Sometimes 3. 9.1%
4. Often 4. 2.8%
C/W4 = Do you smoke now because it is really hard to quit? The answer to this item can be regarded as being a result of both craving and withdrawal
symptoms
Table 2 Pearson and Spearman correlations among control variables, personality traits, mother’s and friends’
smoking, and nicotine dependence profiles (N = 796)
1 2 3 4567 89
1. Sex _
2. Education -.05 _
3. Age of initiation -.01 .19*** _
4. Smoking frequency .05 -.15*** -.25*** _
5. Smoking quantity .05 -.17*** -.23*** .58*** _
6. Extraversion .04 .13*** -.00 .06 .01 _
7. Neuroticism .07 -.04 -.02 -.01 -.01 -.51*** _
8. Smoking mother .05 -.28*** -.12** .18*** .14*** .02 .01 _
9. Smoking friends .10** -.17*** -.22*** .55*** .53*** .03 -.05 .14*** _
10. Nicotine
dependence profiles
-.00 -.30*** -.36*** .25*** .26*** -.02 .06** .17*** .24***
Pearson correlations are in italics, Spearson correlations are in boldface
* p < .05, **p < .01, *** p < .001
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model with all predictor variables as a (1) simple model
and as (2) a multilevel model with schools as clusters in
Mplus. Subsequently, we compared the variance of the
estimates of the regression coefficients under model (1)
and (2). These analyses show that results of the simple
models and the multilevel models, respectively, are
highly comparable. Based on these findings, we assume
that the use of multilevel analyses would not provide a
substantial improvement in statistical analyses. Spear-
man correlations between the ordinal variable nicotine
dependence classes (1 = low cravings only; 2 = high
cravings and withdrawal; 3 = high cravings and beha-
vioural dependence; 4 = overall high dependence) and
all model variables will be provided to facilitate a more
detailed insight into the univariate associations.
Results
Descriptive statistics
Information about family composition (i.e., what propor-
tion of participants live full time with their mother),
smoking quantity and frequency, average length of time
smoking, and the proportion of adolescents endorsing
each dependence symptom is provided in Table 1.
Identification of nicotine dependence subclasses
R e s u l t sf r o mt h eL C As h o w e dt h a tt h en i c o t i n ed e p e n -
dence symptom profiles identified by Kleinjan and col-
leagues [9] were replicated. The latent class membership
statistics for the two nominal items “Which cigarette
would you hate to give up?” and “Do you smoke if you
are so ill that you are in bed most of the day?"–are
described in Table 3 and the latent class profile for the
continuous items is depicted in Figure 1, which shows
that the profiles representing the low cravings only cate-
gory and the overall high dependence category mainly
reflect differences in degree of dependence. However,
the profiles representing the high cravings and withdra-
wal category and the high cravings and behavioural
dependence category show differences in the likelihood
of endorsing certain symptoms. The overall high
dependence and high cravings and behavioural depen-
dence categories report similar symptoms indicative of
behavioural dependence, but these two groups seem to
differ in endorsement of withdrawal symptoms, suggest-
ing that the profiles do not merely differ along a severity
dimension. In the present study, the low cravings only
category was approximately 45.5% of smokers. The high
cravings and withdrawal category accounted for approxi-
mately 16.0%. The high cravings and behavioural depen-
dence category consisted of 23.3% of all smokers,
whereas the overall high dependence category consisted
of 15.1%.
Correlations between predictor variables and nicotine
dependence profiles
Spearman correlations indicated that the nicotine
dependence profiles were negatively associated with edu-
cation level and age of smoking initiation, whereas posi-
tive associations were found between the subclasses and
smoking frequency and quantity (see Table 2). No asso-
ciations were found between the personality traits extra-
version and neuroticism and the nicotine dependence
profiles, whereas the smoking of both the mother and
friends was positively associated with the profiles.
Multinomial logistic regression analyses
Table 4 presents the outcomes of the chunk-wise multi-
nomial logistic regression analyses. No main effects were
found for the personality dimensions of extraversion and
neuroticism on the endorsement of the dependence pro-
files. The inclusion of the main effects of environmental
smoking indicated that participants were more likely to
be classified in the high cravings and withdrawal cate-
gory than in the low cravings only category if they had a
smoking mother (Odds Ratio = 1.95, p < 0.02). In addi-
tion, participants were more likely to be classified in the
high cravings and behavioural dependence category as
opposed to the high cravings and withdrawal category if
they had a smoking mother (Odds Ratio =2 . 2 5 ,p <
0.01). Participants who reported having a greater share
Figure 1 Latent class profiles depicting the endorsement of
the nicotine dependence items at T2 for the four derived
subtypes.
Table 3 Item response probabilities per identified latent
class for the two nominal items assessing behavioural
aspects of nicotine dependence
Item response probabilities
a
Latent classes identified Item B3 Item B4
Low cravings only 0.05 0.01
High cravings and withdrawal 0.21 0.05
High cravings and behavioural dependence 0.46 0.28
Overall high dependence 0.64 0.52
a Probability of responding to the answer category indicative of dependence
Item B3 = Which cigarette would you hate to give up?; Item B4 = Do you
smoke if you are so ill that you are in bed most of the day?
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the high cravings and withdrawal category as opposed
to the low cravings only category (Odds Ratio = 1.47, p
< 0.01). Furthermore, although no main effect of the
personality dimensions of extraversion and neuroticism
existed, the inclusion of the interaction terms in the
fourth step of the personality dimensions × smoking of
mother or share of smoking friends indicated a signifi-
cant interaction effect of the share of smoking friends
regarding the link between extraversion and the likeli-
hood of being classified in the high cravings and with-
drawal category as opposed to the low cravings only
category (Odds Ratio = 1.48; p < 0.01). In addition, a
significant interaction effect was found for having a
smoking mother regarding the link between extraversion
and the likelihood of being classified in the overall high
dependence category as opposed to the high cravings
and behavioural dependence category (Odds Ratio =
1.79; p < 0.02). Table 4 depicts only the significant inter-
action effects.
To interpret the interaction effects, we repeated the
analyses stratified by having a smoking friend and by
having a smoking mother [47]. Extraversion predicted a
higher likelihood of being classified in the high cravings
and withdrawal category than in the low cravings only
category among adolescents with smoking friends (Odds
Ratio = 1.40; p < .02). The interpretation of the two
interaction effects revealed that extraversion predicted
the likelihood to be classified in the highest dependence
category as opposed to the high cravings and behavioral
dependence class, only among adolescents with a smok-
ing mother (Odds Ratio = 1.42; p< 0.02).
Discussion
Among adolescent smokers, individual differences
emerged in the susceptibility to nicotine dependence
symptoms. In agreement with an earlier study [9], the
present study showed that four symptom profiles can be
distinguished according to items indicative of beha-
vioural dependence, cravings, and withdrawal symptoms.
Furthermore, this study demonstrated that personal as
well as social-environmental factors predict these dis-
tinct profiles.
Although the personality traits of neuroticism and
extraversion were found to be predictive of smoking
initiation and regular smoking in adolescents [20,21],
they do not seem to form independent risk factors for
the development of dependence symptom profiles. On
the other hand, in line with the Social Cognitive Theory
[27], exposure to parents’ or friends’ smoking serves as
an important risk factor for the development of future
dependence symptoms [27]. These findings corroborate
previous findings suggesting that the social context is
more strongly related to adolescent smoking and the
initial development of nicotine dependence symptoms
compared to personality traits [21,48]. However, in line
with the Diathesis Stress Model [15], personality traits
did interact with the exposure to smoking behaviour of
significant others in explaining differences in depen-
dence symptom profiles. When combined with environ-
mental exposure to smoking, extraversion seems to
increase the risk of developing withdrawal symptoms in
addition to craving when adolescents have smoking
friends and a higher score on all three features of
dependence when adolescents have a smoking mother.
The findings of the present study suggest that being
extraverted in combination with exposure to smokers in
the environment may increase the risk for developing
dependence symptoms. Thus far, person-environment
interactions have predominantly been investigated in
relation to adolescent smoking initiation [21,48] rather
than smoking persistence and the development of nico-
tine dependence symptoms.
Implications
The identification of precursors of dependence symptom
profiles may prove particularly helpful to differentially
prevent or remedy nicotine dependence by targeting
specific precursors of the various subtypes. Being extra-
verted in combination with the presence of smoking
friends seems to coincide with the initial occurrence of
withdrawal symptoms in addition to craving. Being
around smoking friends may enhance exposure to
smoking cues that trigger craving and withdrawal symp-
toms [49]. The reporting of behavioural dependence
symptoms in addition to craving and withdrawal seems
to be linked to being extraverted in combination with
having a smoking mother. Having a smoking mother
and or smoking friends may create more withdrawal
and behavioural dependence-enhancing circumstances,
such as ample availability or offering of cigarettes and
occasions to smoke. Because of their outgoing nature,
extraverted adolescents may be more vulnerable to
social influence or more susceptible to adopting peer
behaviours (e.g., showing similar behaviours and enga-
ging in similar activities are rewarding). Making extra-
verted smokers aware of their increased vulnerability to
social influences with regard to smoking and the risk of
developing dependence symptoms may encourage them
to avoid (or be particularly cautious about) risky social
settings. Hence, interventions could aim at stimulating
ways of instrumental support that the direct environ-
ment can provide to discourage smoking, such as not
smoking in the presence of someone who is attempting
to quit. Previous research has indicated that instrumen-
tal support leads to the lower likelihood of substance
use in adolescents [50]. In addition, actions to prohibit
smoking in social settings (such as school grounds, bars,
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Page 8 of 12Table 4 Odds Ratios (OR) and 95% confidence intervals (CI) for a multinomial regression comparison of the four
nicotine dependence subclasses with personality traits, maternal and peer smoking, and interaction effects as
predictors (N = 796)
Nagelkerke R
2 - Change Reference Class OR
(95% CI)
Step 1 0.159
Sex Class 1 Class 2 1.04
(.66-1.63)
Class 2 Class 3 0.70
(.43-1.15)
Class 3 Class 4 1.17
(.71-1.93)
Education Class 1 Class 2 0.74***
(.65-.83)
Class 2 Class 3 1.01
(.89-1.05)
Class 3 Class 4 1.04
(.90-1.19)
Age of initiation Class 1 Class 2 1.02
(.94-1.11)
Class 2 Class 3 0.96
(.73-1.26)
Class 3 Class 4 1.04
(.81-1.33)
Smoking frequency Class 1 Class 2 .99
(.75-1.33)
Class 2 Class 3 .96
(.73-1.26)
Class 3 Class 4 1.04
(.81-1.33)
Smoking quantity Class 1 Class 2 1.93
(.61-6.10)
Class 2 Class 3 1.49
(.56-4.01)
Class 3 Class 4 1.19
(.51-2.77)
Step 2 0.010
Extraversion Class 1 Class 2 0.87
(.67-1.13)
Class 2 Class 3 1.07
(.81-1.43)
Class 3 Class 4 1.18
(.87-1.58)
Neuroticism Class 1 Class 2 1.16
(.90-1.51)
Class 2 Class 3 0.88
(.66-1.17)
Class 3 Class 4 1.13
(.85-1.51)
Step 3 0.035
Smoking mother Class 1 Class 2 1.95*
(1.17-3.26)
Class 2 Class 3 2.25**
(1.30-3.87)
Class 3 Class 4 1.34
(.79-2.25)
Smoking friends Class 1 Class 2 1.47**
(1.12-1.94)
Class 2 Class 3 .98
(.74-1.31)
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Page 9 of 12restaurants and other public places) may be effective in
decreasing nicotine dependence and enhancing quitting
among adolescents.
To prevent classification in high dependence symptom
profiles, it is recommended that intervention programs
be designed to more specifically target individuals with a
high risk of developing dependence symptom profiles
characterized by multiple features of dependence and a
higher endorsement of these features (e.g., individuals
exposed to environmental smoking), particularly if they
have an extraverted personality. Prevention efforts based
on personality risk profiles have already been applied
with some success to target adolescent drinking beha-
viour and binge drinking [51,52]. One example of such
a targeted approach is the Preventure program. Tailor-
ing the intensity and type of smoking treatment may be
more effective for these high risk individuals compared
to the more widely implemented general approaches.
Given the generally low levels of funding available for
public health programs, the Internet might provide an
especially suitable platform to facilitate this. Brief web-
b a s e di n t e r v e n t i o n sc o u l db ed e s i g n e dt h a tp r o v i d et a i -
lored feedback program for adolescents based on a short
examination of the extent to which they experience
symptoms of nicotine dependence and adhere to certain
personality characteristics. The Internet is easily accessi-
ble and particularly appealing to young people; they can
complete the test in the privacy of their homes at a time
convenient for them. In addition, the costs of web-based
interventions are relatively low.
Limitations
The present study has several limitations. First, the data
are based on adolescents’ self-reports of their own
smoking and that of their parents and friends; thus,
under- or over-reporting may have occurred [53,54].
However, self-reported smoking behaviour has been
found to be reliable and valid compared with more
objective methods, such as biochemical validation
[55-57].
Second, attrition analysis in d i c a t e dap o s s i b l eu n d e r -
representation of lower educated adolescent male smo-
kers. Since a lower educational level has been associated
with higher levels of nicotine dependence [28], caution
is warranted when interpreting and generalizing the
findings of the present study to the general adolescent
smoking population.
Third, although the present study explored individual
characteristics and peer and family factors in the emer-
gence of nicotine dependence symptoms, these predic-
tors are by no means exhaustive. Personality traits other
than neuroticism and extraversion were not taken into
account, nor did we include a full spectrum of environ-
mental factors, such as siblings’ smoking or smoking in
the media. However, the present study tested clearly
specified and theoretically driven predictors found to
have explanatory value with regard to smoking beha-
viour among adolescents, even when controlled for
intensity and frequency of cigarette use, which were
found to be strong predictors of the development of
smoking trajectories and nicotine dependence in pre-
vious studies [45,46,58].
Fourth, smoking frequency is used as an indicator of
nicotine dependence (categorical variable: cigarettes per
day) as well as a control variable (continuous variable:
cigarettes per week). Because smoking frequency–just
like smoking quantity and length of time smoking–is
likely to be confounded with the dependence profiles
and the association of personality characteristics and
social environment with the profiles, we chose to
include smoking frequency as well in the multinomial
regression analyses in order to examine the unique asso-
ciations for the personality and environmental variables.
Analyses were run both with and without smoking fre-
quency as a control variable; results were similar in both
approaches.
Finally, some caution is warranted when describing
the effect of maternal smoking as solely an environmen-
tal risk factor. Maternal smoking may influence nicotine
dependence through a modelling effect, but genetic
Table 4 Odds Ratios (OR) and 95% confidence intervals (CI) for a multinomial regression comparison of the four nico-
tine dependence subclasses with personality traits, maternal and peer smoking, and interaction effects as predictors
(N = 796) (Continued)
Class 3 Class 4 .94
(.70-1.25)
Step 4a 0.010
Interaction Extraversion × Smoking friends Class 1 Class 2 1.48**
(1.13-1.96)
Step 4b 0.011
Interaction Extraversion × Smoking mother Class 3 Class 4 1.79*
(1.08-2.97)
* p < 0.02; ** p < 0.01; ***p < 0.001.
Sex is coded such that 0 indicates boys and 1 indicates girls. Only significant interactions are included in the table. Class 1 = ‘low cravings only’; Class 2 = ‘high
cravings and withdrawal; Class 3 = ‘high cravings and behavioural dependence’; Class 4 = ‘overall high dependence’
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Page 10 of 12transmission or perinatal factors triggered by maternal
smoking may also be partly responsible for the develop-
ment of specific symptoms.
Directions for future research
Increasing evidence suggests that nicotine dependence
symptoms are substantially heritable [30,59,60]. The
identification of nicotine dependence phenotypes may
facilitate future research on genetic causes of behaviour,
such as by testing the different phenotypes for an asso-
ciation with a particular genetic factor. As important
genetic factors of nicotine dependence are identified, we
can examine how they interact with environmental
influences in determining addictive behaviour. The iden-
tification of specific genetic and environmental mechan-
isms that underlie the emergence of dependence
symptoms among novice adolescent smokers will likely
lead to a more refined understanding of the aetiology of
nicotine dependence.
Conclusions
Despite the potential limitations, our findings help
explain the emergence of variability in adolescent nico-
tine dependence profiles and may provide indications as
to why some adolescents develop a full dependence syn-
drome while others do not. The present study provides
insights into individual and environmental factors and
mechanisms underlying the development of nicotine
dependence symptom profiles in adolescents. These
insights may prove important in efforts to tailor optimal
interventions to prevent the onset and escalation of
nicotine dependence in adolescents.
Endnotes
aWe also conducted analyses, including smoking beha-
viour of the father. However, smoking of the father at
baseline was not significantly related to the nicotine
dependence symptom profiles at follow-up. In addition,
combining smoking behaviour of the father and mother
into one variable also showed no significant links to the
outcome variable. To ease the interpretability of the
results, we decided not to include smoking of the father
in the final model.
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